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Abstract

ltarc-earth I])allp;anites  al~cl cobaltites  with the pcrovskite  structure have Lccll

a subject of great, rccellt interest  bcca.usc their  electrical resistance chalIgcs

significantly when a magnetic field is ap~)liccl  []]- [’i], a pro~)erty,  which is of

tcch~~ologica] relevance for ]nag]letic dcviccs, l)cpc]lcli)lg  OJI the stoichioInetry,

these com~)oullds  have difI’erent magnetic  orclcri Ilg states, 2111d the underst,  aJld-

il~g of the il~teraction of tl~c collductiol~  clectrolls with the Ina E,]lctic. molrlellts

o f  lllan~)ancse  or coba l t  ioIls is illl~)ortallt for c,xl)lailiin~  tile oIi~,ili o f  t h e

‘Lcolcmsal  lnagnctoresistan  cc)’ dlcct [1]- [7]. III order to obtain clilcct  ill forIna-

tic)l~ about  tllc scatteiillg o f  t h e  collductiojl clcctrolls by 10 C:LliZCd IrlagIlctic

]nc~lncnts,  w e  h a v e  studied the  IIzLI1 effect iIl thiIl  fLIIn  lJa0.5G0.5c003  Il~:L-

terial and have obtained co]lvi]lci~i?; evidence for the so-called “anomalous”

]lall eflCCt, ty~)iCa] fOr IIl~gIletiC  IllCt:L]S. “J’his cfi’cct  is due tc) the left-ri~,llt

asymmetry of concluctiorl  electron scattering by various ~JeIturbatious in tllc

Iegular arrangeInerlt c]f the localized lnoments  of the magnetic  ions  [8]. our

results suggest that near the ferrolnag)llctic orderiI~g  tcmpcratulcj  the dolni- . .

nant electron scattering mechanisln  is tl~c spill  fluctuatiolts,
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‘1’hc 1 ,ao,5~ao,5C;003 cpitaxial  fll IIls ll{Lvc  been growII by ?Iulscd  laser dc~~ositio;l  usiIl~;  a

stoic.liio  Illct, ric  targ, ct of l/:lo,~~ao.L ~oo:i, ill 100 IJI’J’orr of Oxygcll. ‘J’]lc  tcIIlpcratL1l’c  of tllc

l,:IA103SL  IbStIZLtCSIIZ  ISljCCII  700 °C; .’l’lICgIO\Vt}I  ll:tsbccIl  follo]vccl  byz,IIIlcalillp,at  900 °c for

twollours,  and thccpitaxyof  the filmsis collfirIIlccl  by x-ray  Iockingcurves.  ‘1’hcrcsistivit,y

and  Inagllctizatio  Il IIlcasurclnmts  (N. - ~~. Ych et cd., IJlmiuscript  suh  IIlittcd)  /,ivc. tlIc fcrro-

lnap;l)ct,ic  ordcIiIlg  (Curie) tcIIl]jcraturc  ?;=. 1804 5 K. ‘J)hc saIIIplcs  arc ?, ImIlx?, II IInx200

11111 ill size. ‘J’hc illaF,Ilc.tic  field is always })crpclldicul:Lr to the fIIIII. ‘J1hc clcIIlz]p,rlctiza.tiorl

factor is N RI iI] SUC}I a F;coIllctry, so tl)at tllc  a~]~)licd  Illagy[ctic f i e ld  11~ Inultil)licd  by tlIc

l)crlI1eability  c)f vacuu~n  110 cquds  the  IIlaSI~ctic  illcluctioIl  JJ jr]  tllc fil In.

l“ig,urc 1 s}Iows the tclIl~jcrtLturc  dcpcIIdcIlcc  of tllc  electrical rcsistivity  plz ill  7,cro IIlap;-

IIctic  fidd. A large dcc.rcasc  in the rcsistivity  is  observed ])car 7;, whic}l is  fol lowed by

a lllimilIluJn  and a subscqumlt  iIlcrcasc  of ,P,.Z, w i th  dec reas ing  tclnpcratul-c..  Suc.11  a rapid

illcrcasc  of tlIc  rcsistivity  at Io\v tcIIlpcraturcs is COIIIIIIOIl  iIl cobaltites  with the pcxc)vskitc

struc,t, urc [10]. ‘J’llc 11-lagy]ctic  ficlcl  CIC])CIICICIICC  o f  the  rmistivity  is prcscI~tcd  iIl l(’ip,.  2, to])

])aIIcl.  ‘J1hc rclzLtivc  clIaIIg;c  of PYZ. is largest Ilcar ?;.

111 l“ig. 2, botto]n  p a n e l ,  wc s h o w  t h e  IIall rcsistivity,  whit]]  is clcflILccl as tllc IIall

(trallsvcrse)  c]cctric fic)d (~~y) pcr uI~it loIlgituc~il]al  curlcllt clcmsity  (~,): p, ~ = J;Y/.l,.  :

1{}] 11 (W] LC]-C 1{]1  is t}lc llall cocfficicllt).  ‘J’lIc d:lta of  }’ig. 2, b o t t o m  ~~allcl,  SIIOW that  in

the fcIlolllag;llctic  state (1’ < 7:) the iI\itial  linear ~isc of pty is followed by a II JUCII weaker

field dcpclIdcIlce  with increasing fidcl. As  the  tmnpcraturc  is iIlcrcasccl ahc)vc  the Curie

tcII)pcraturc, tllc  dcviatioIl  from the liIlcar  Lcl]avior  bccoII\c.s  ICSS proIIouIlccd  allcl  disappears

for llig,h c]lougll  tcm~)craturcs  irl the entire rnag]]ctic  field r:LIIf,c  (SCC the isotllcrII]s  at 7’: 19S

1{ aIIcl at 7’:--24S K in l“ip;. 2 ,  bottoln  l)Mc1).
,.

‘1’IIc liIlcar  ~mrtioI~s  of the ]nagl)ctic ficlcl  clcpeIIdcIIccs of the hall rcsistivity  al low clc-
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tcrJI]iIlaLic)]l  of L]IC ] o ; v - f i e l d  (fic]c]-illc{cj)c])c]c]it)  IIall cocfjic,icrJt,  wl]id)  a~)~)c!ars  to ]]:LVC F,

st[ojl~;  tcln]>cratum  clc~)c]iclc]lcc  (lJi/,,  3 ) .  IL]] incmascs  with  tclll~]craturc  u]) to  a l)la,xilrlul]~

occuril)~, aIjproxima,tcly  lJ K  bc.lolv  tllc  ~;uric tmllpcraturc. ‘1’hc lnaxilllulll  is followed by

a ra])id  clro])  of the IIa,ll  cocfhc.icnt,  wit]) tllc largest l)egativc lm~lpcraturc  slope ltcarcst  g;.

‘] ’]lC! J]:L]l  COC!fliCiCllt  lllOIIOtOIlica]]y  CICC.I”Ca.SCS  W i t h  k!llll)Cr~LtU1’C  iIl the  ])aI’aIlla/;llCtiC  statC.

N o w  wc procccd t o  i n t e r p r e t  tl]c IIal] rcsistivity  da ta .  III lI1aS1lctic  lna,tcrials,  the IIall

rcsistlivity  call bc prcscntcd  as a suIn o f  two  tcrlJls  [8]:  p,.U z ~to}]  -i I?. M, lvhcrc J\~ is t}}c

lJla/,11cti7fa,tio11, lto all(l 1{, arc coc~lcicnts  of ]JIC)l)ol~ior};llity.  ‘1’lte firs~ ter]n ctLIi  l.)c v i e w e d

silll~)]y  as t]lc  rcsu]t  of  the ],orcrltz  f o r c e  or] the frc.c. dcc,  trons,  wit]l ]/0 = 1 /(?2c), Whc!rc

?1 is the elcctlou clcnsity, c  is  the clcctroll cliargc. “J’}]c  sccoltcl tcrlll i s  tllc allolnalous IIall

rcsistivity  ill lnagllc. tic Inatmials , al~d t y p i c a l l y  lt. > 1{0 ill tl]c fcrloIn:lgJ1ctic  s t a t e  [8].

llavill~ OLJSCXVCC1 t.lIc  stroIjg  magI1etic  field and  tcI[lpcraturc  dc~)cIIdcxlc.es  of /,.u,  WC s h a l l

ar~llc  ‘ill t]l C fC)]]O\villg  (]is C, Ussioll  ~])?lt 0111’ ]]~]] CflC!ct data CZLI1 be ~)J’iIntLI”i]y  a~tl’iblltd Lo f,]l~

aIloIIlalous  IIal]  Cffcct.

l,ct us  f i rs t  c.o]lsidcr a sinr;lc  lJla~rlctic  clornaill  in a fcrrolJlagllct. It lms il~ zcxo  Ll)plicd

Jnagllctic field a spolltallcous  3n:LgJ\etizatioll  (A1 +0) aIIcl  tlLcreforc a s~)olltallcous  IIall effect

iIISidC t]l C! dOIJl:Li  I1. ‘] ’}liS })]1CHC)JI”ICI1OII iS I CfCJ’l  Cd tO aS t]lC! aJIOIJlalOUS  ]][L]] CfiC!C.t  [8j. ‘]’hC

cocflicicllt  of ~)ro~~ortio~~ality  ]t, is dctcrJ1]iI)ccl  by t]]c sczLttCJ’illg  of coIlductioJl  c]cc.troJ)s  b y

diSOJ’CICJ’  iJl thC  SyStC1ll  Of thC 10Cali7,Ccl  llla~JICtic  lJlO1llCJ\ts  [8)] ] ,] ?,]. ]{ ’o r  a ]M’~C llLJII”lbCJ’  Of

rzLIIdoInly  oriclltcd  clolrlai  I)s the avcJage  Ijl:\g;Jictiz:ltio  Il i s  zero , as  i s  the  alloInalous  ]Iall rc-

Sistivjty.  AS t]l C extcr’Ilal  I~l~gJICtiC flc]cl is jIlcr’case!(], t]IC dOIIlai  IIS bCCOIll  C pJ’OgK!SSi  Vdy II1OI’C

a]i/,JIC(],  aJIC\ t]l C! ~] a]] VO]tage  ap~)Cals.  ‘] ’lli$ bc]iavior’

o f  t h e  ]]{11]  lCSiStiVity  iIl SIIla]] Illa~IICti C fiC!l(]S iLIl(]  the

fiCldS (] ’’i~,. ~, l.) OttC)IJl).

c.c)rl-csponds  t o  tllc  ix\itizLl  lil]car  ~ise

g;radua] saturation ill larp;c  ]Ila.ylctic
,.
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‘J’hc rise  of  the JIall  cocflicicmt wi th  tcunpcraturc  iI] the fcmolnag;nctic  state (7’ < 7~)

(a]] hc u]lclcrstood  ill  tcllrls of  tllc  thmlnally  jrlduccd  fluct. uat,iolls of L]lc sl)irls  of tllc  cobalt

ions.  l)ctailcd  theory [1 1,12] prcclicts  a lllaxilnuln  ill the tclnpcrtLtul-c  dcpc~ldcxlcc c)f ii]? just

)c]o}v t]lc  fcl]olllagl]ctic  ordcril]g  tclil~)cra,tu~c,  ill ap,rcmllc.l]t wit]] tllc dat:L  of }“ig, 3 .

Next ,  wc  collside.r f,hc pa~al~la~l]ctic.  s tate . Just  as aJ] applied lnag;nctic  field alip;]ls

llacrc)sco])ic  lnagIlctic  do~nains  :Lt 7’ < 7; to  p roduce  tllc  mlomalous  lla.11 cflcct, so caIl it

dig]]  the illdividua]  io~lic  molnmlts at 7’ > Y; to ])roduc,c a. silnila,r effect [12]. ‘J’hc  dcgrcc of

t h i s  :Llig;nll~cIlt  at 7’> l; is proportiol]al  to AJ  = xII., }VIICIC  ~ js the lIla$,Ilctic suscc~)tiljilit,y,

‘J’l\crcforc,  t]lc  ]]zL]I resistjivity  ill the paJaInagnctic, staLc is cx~)cc(ed to bc pro~)ortional  t o

Ll]c llla~,nctic ficlcl,  jn aglccl~lcllt  w i t h  tl]c d a t a  (1’’ig. 2, bottoln  pallcl). ‘1’hc anolllalous  Ilall

cc)cfic.icl)t 1/s h a s  Lccu sl]ow Jl tllcorctic.ally t o  be Ilearly tclrll)clatllrc-i Jldc~)cll(lclit  ill t h e

}H1l’a11121~llCtiC,  StZLtC [] ~]. ~OIISCqUCIlt]y,  t}lC tC!JIl]X’I’atLII’C  C] C!])  CIldCIICC!  O f  ~,.u = ]ts~]]= S]lOU]d

f o l l o w  t h a t  of the ll-]agIlctic  s u s c e p t i b i l i t y :  x w (7’ - 7~)-  ‘. ‘1’l]is ~JoiIlt  CaIL klc v e r i f i e d  by

P]ottillg  t]le jIIVCJ’SC  ]]all COCf]j CiCJlt  aS a  fUIICtiOIl  O f  teIllpCrZLtUIC (]{’i~.  4). ]Il(]CCd,  ] /~~11  jS

liJlcaI  with  tcIIlpcraturc  above 7; =180  K.

l“illally,  wc consiclcr  the irnplicatiol]s  of the observed aI)oljlalous  JIall effect  c)lI tllc 3na&-

llcLorcsista,I)cc. 111 l“ig. 3 ,  the  J1laf,JljtLldC  of tllc IC!]ZLtiVC  CllaIIF;c  of  p,;x il~ a fic!lcl of  6.5 ‘ J ’ ,

dcfi IIcd  a s  [p3.  j,(6.57’)  - p13(())]/pTj.  (0), js slkowr)  by tllc s q u a r e s  a]lcl  a clasl)cd lillc. ‘J’ltc

pd feature ILca,r 7; correlates well with the arIomaloLIs  IIall  effect clzLt,a,  iI)clicatiIl~;  L}lat  tlIc

spill f luctuat ions play all ilnportallt  role jll tl)c  occLi JIcrIcc  of the la.Jpjc Ilcgatjvc  InagIlctorc-

sistallcc. Slldl  all  CflCCt ShOU]d bC Of ~,CIIC1’ZL] iIIl~)OJ’taIICC  tO t]lC IJLa&IICtOI”CSiStLLI  IC.C  jll  t]lC

Jllagrlc!lic’ ]Jcrovskitcs  o f  Coba]titcs  a s  WC]l as lnax)gaI1itcs,  a]thoug~l  aclc]itioJla]  cc) IIl]~licatioIls

IIIay arise due to the cxistcllcc  of t]lc JahI~ - ‘J’c1lcJ effect ill the latter [1 3]. Qumltitativc
.,

studies of t]]c Cc) J’rc]zLtioll  l)ctwccll  li, w](] pi,. wi]] hc llcccssaly for further uT\cicrstallcli  l\F, of
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lIIIGUI{lI;  ~A1’r-l’loNS

l’i~;  1. ‘J’hc tcmpcxaturc  C{cpclldellcc  of tllc dectriciLl  resistivity  ill zero  app]icd  Inagl)ctic

field. ‘1 ‘hc arrow illcJicatcs  the Chric temperature 3 ~.

l’ig. 2. ‘J’op, t he  magne t i c  field dcqwllcle.llcm of the relat ive cllallgc  of tllc lollp,itutillal

Ycsistivity.  ‘J’he tcrnpcrature  is il)dicatccl  IICZU’  t]lc c u r v e s . IIotto]]l,  the rllaglictic.field de-

~w]]clcmcm of the l]tLll  rcsistivity,  ‘J’lic  sc)]id li]]cs arc g;uicics  to t]lc eye,  ‘J’l)c  dashccl  ]incs ill

tllc bottom  pa])cl  prcse]lt  the lillcar  SIO]W of prv at low fields. 11’cN the IIall ]ncasurcxnczits,

wc ]la,vc c{epositccl  four golcl  pads on tllc  ccjrIJcrs  of the fll III aIId mnploycd  t}Ic VaII dcr  l)auw

Illctllocl  [9] t o  IrlcMsLlrc  b o t h  t h e  IIall al\d lol~F)itudillal  rcxistivitics, WC ]liLVC ]-) C1fOI’II”lCCi

lIIcasurcIncIIt.s  at 10 - 20 cliffcmlf.  values  of clcc.tried currcllt  ill t}lc rallgc  O - 30 pA for all

tc!ll”l~)craturcs  a,Jlcl  magllctic fidds to c!llsuI”e lillc’ar  rc!sponsc of’ the systcll”l.  ‘J’i)c  sigll of prv is

IJositivc.  A l t h o u g h  tllc ]Ilag[lctixatiorl  curves  ]Ilcasurcc] o]] tllc bulk I,ao.5C~ao.5~cLla  lllaterial

l o o k  silrlilar to the field clcpc]]dc])ccs of plv, clua]ititativc colllparisoll is clifhcult  bcczLusc  o f

thC difl’cxmlcc  ill the dclllap;l~ctizzitioIl  facto]s of the tlli]l filTJ-I  and  bulk  samples .

Pir;. 3 .  ‘J’l)c  tclnpcraturc  dcpcllclcnces  o f  tlic  ]Iall  c.ocficicnt (cilclcs) allcl  t h e  ll)agllc-

torcsistallcc  ili a  fic]c] o f  6.5 “J’ (sclLIaIcs). ‘J’llc so l i d  and clasllcd lil}cs a r c  g u i d e s  t o  t}le

C.yc .

I“i.P). 4. ‘1’lIc tcmpc~a.turc  dc]mldmcc of the illvcrse  hall cocfficicrit.  ‘J’llc  solicl lillc is a

lil]car fit to tl]c hig]l tcmpcratuve  data points,  which satisfies li~~ w (7’ - 7~), arlci 1: %180

}<. AssuIl~irlg t}ltLt  t}lc norlna]  Ilall cocfficicllt  1/0 = 1 /(?Lc)  does Ilot Cxcecd tllc value of RI{

at 290 K, c)nc obtains a lower lilr)it for t}lc carrier dcIlsity  TL >6x 102 Girl- 3.
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